This report presents the sphere drag results as well as a comparison of these data with similar data of other investigators.
FACILITY DESCRIPTION
The 2"/10" shock tunnel in which the present sphere drag data were obtained is driven by a 5 ft. long 2 1/2 I. D. alloy steel, chrome plated bore driver using a multiple spark plug ignition system. The 2" I. D. stainless steel driven tube section consists of one 24 ft. long uninstrumented section followed by two 2 ft. long sections with 2 sets of instrumentation ports and two 6 ft. sections with 7 sets of ports. A 13 7/16 inch long transition section leads to a 150 half cone angle nozzle whose 10 inch exit diameter lies inside a 14 inch diameter, 15 ft. long dump tank which has a side window providing a viewing area. Th3 model support system is independently mounted to the laboratory concrete floor; its main upright member is isolated from the dump tank by a 3 3/4" 0. D., 1 1/2" I. D., 1 5/16" thick soft rubber grommet. Scribed primary diaphragms of copper, aluminum, or stainless steel are used in a short, square transition section between the round driver and driven tubes. Scribed aluminum secondary diaphragms are located in a square transition section immediately upstream of the reflected nozzle face. Straight-through and reflected nozzle operation is available;
for this program all work was done with reflected nozzles. A replaceable throat section permits easy variation of nozzle area ratio.
MODELS
Three sizes of spheres were flown in this program:
1)
Ping pong balls of 1. 500" nominal diameter 2) Solid nylon balls of 1/4 and 3/32" nominal diameter. These were obtained from Industrial Tectonics, Inc., Ann Arbor, Michigan.
Deviations from sphericity was about 2/3 of 10 of the diameter for the ping pong balls and, typically, about . 001" for the solid nylon spheres.
TECHNIQUE
In the usual application of the free flight technique in the G. E. SSL shock tunnels (I) the forces generated during starting of the flows are sufficient to break the model supporting strings so that the model is in true free flight during the ensuing quasi-steady flow. However, in the present program involving much lighter models and much lower density flows than heretofore employed, this was not the case. It proved necessary to develop a technique for controlled severing of the nylon model support threads. This was accomplished with an apparatus like that shown in Fig. 1 . The horizontal wires across which are draped the nylon model support threads are pulsed with a suitably timed capacitor discharge which melts through the support threads.
* The fixture shown in Fig. 1 was developed for use with non-spherical bodies; the one used for the sphere tests was essentially one-half of the fixture shown, i. e., only one wire was required.
In order to minimize the stub length of thread remaining attached to the model (typically about 1/32 of an inch) these wires must be immersed in the flow.
Their diameter is . 001 so that they were always in free molecular flow (minimum Knudsen number of 4. 0) and hence would not be expected to affect the flows about the models. The vertical prongs between which these wires are stretched are also immersed in the flow but are sufficiently far from the models that no disturbance from them intrudes on the model flow fields.
TEST CONDITIONS
Conditions behind the reflected shock are the reservoir conditions for the nozzle flow. Reflected pressures, which vary during the test are measured just before the nozzle entrance. The initial reflected temperature is computed from equilibrium normal shock solutions for the measured shock velocity at the nozzle entrance and the subsequent variation calculated from the varying pressure assuming an isentropic process as an approximation.
The test conditions quoted for a particular test are calculated from a time squared (t 2 ) average condition over the first 4 milliseconds, t-being used for the averaging process because the model displacements are essentially quadratic in time.
A typical reflected pressure history is shown in Fig. 2 . This nonsteadiness of reflected conditions is due to a combination of: a) flow starting phenomena (first . 4 msec. )
b)
an incompletely coalesced incident compression wave (next . 7 mmsc.
approximately).
c)
continued "processing" of the test gas mass by waves reflecting between the nozzle entrance and the advancing contact zone.
d)
attenuation of the incident compression wave in the driven section of the shock tube.
Test section conditions are determined by measuring test section impact pressure and assuming an equilibrium "isentropic" expansion from the reflected shock conditions. Reservoir temperatures at the averaged point ranged from 1650 to 1860 0 K for these tests.
It was interesting to note that as reservoir pressures, and, hence, where Z is the mean molecular velocity, which kinetic theory gives as
For an ideal gas a = f T RT. These equations combine to yield the familiar
The test conditions calculated in this manner are presented in Table I along with the experimental sphere drag coefficients. The data of references 3, 4, and 9 are so numerous that representative points are shown rather than all the data.
COMPARISON OF PRESENT RESULTS WITH OTHER
In Figures 3 and 4 
d)
The data of reference (10) are quite inconsistent with all others,
showing much too sharp a transition from continuum to free molecule flow drag levels.
The parameter resulting from the simple analysis of reference (10), namely ,which is essentially the ratio of mean free path behind the shock to the shock layer thickness, (admittedly strictly continuum flow concepts and values so calculated) is intuitively appealing to this writer but it does no better a job of correlating the data, as is seen in Fig. 5 . 
2)
The drag parameter CD "CDi yields a useful correlation a)
The free flight technique is useful for shi'ock tunnel measurements of aerodynamic forces in non -continuum flows. b) There is little to choose from between =n,, , Re.., Re 2 as a correlating variable for experimen--tal sphere drag coefficients.
c)
The parameter CD -CDi yields aiu seful correCDfm -CDi lation of sphere drag over a wide range Of M-ach numbers Reynolds number and wall temperatures.
